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Trade-offsNumerous assessments have quantiﬁed, mapped, and valued the services provided by ecosystems that
are important for human wellbeing. However, much of the literature does not clarify how the information
gathered in such assessments could be used to inform decisions that will impact ecosystem services. We
propose that the process of making management decisions for ecosystem services comprises ﬁve core
steps: identiﬁcation of the problem and its social–ecological context; speciﬁcation of objectives and asso-
ciated performance measures; deﬁning alternative management actions and evaluating the conse-
quences of these actions; assessment of trade-offs and prioritization of alternative management
actions; and making management decisions. We synthesize the degree to which the peer-reviewed
ecosystem services literature has captured these steps. For the ecosystem service paradigm to gain trac-
tion in science and policy arenas, future ecosystem service assessments should have clearly articulated
objectives, seek to evaluate the consequences of alternative management actions, and facilitate closer
engagement between scientists and stakeholders.
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In order to meet the demands of a growing population, human
activities will continue to cause signiﬁcant changes to land cover,
climate, biogeochemical cycles, biodiversity and ecosystem ser-
vices (Foley et al., 2011). Ecosystem services are the processes
and conditions derived from ecosystems that sustain and enhance
human wellbeing (Daily, 1997; MEA, 2005; Reyers et al., 2013).
Concern for the degradation of ecosystem services and conse-
quences for human wellbeing is increasingly reﬂected in environ-
mental policy (Bateman et al., 2013; Mace, 2013), with several
international initiatives bringing the ecosystem services paradigm
to the attention of both scientists and policymakers (e.g. the Mil-
lennium Ecosystem Assessment, MEA (MEA, 2005); Convention
on Biological Diversity Aichi Targets, CBD (CBD, 2010); The Eco-
nomics of Ecosystems and Biodiversity TEEB (Sukhdev, 2010);
and The Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services, IPBES (Perrings et al., 2011)). Over the past
two decades there has also been a rapid growth in research related
to ecosystem services (Nicholson et al., 2009; Seppelt et al., 2011)
and widespread calls for integrating the ecosystem services para-
digm into real-world management decisions (Daily et al., 2009;
De Groot et al., 2010; Goldstein et al., 2012; Maes et al., 2013).
As an emerging ﬁeld aligned with real world problems, the
operationalization of the ecosystem services paradigm could bene-
ﬁt from established principles and methods from other disciplines.
The principles of structured decision-making are potentially pow-
erful in this respect. Structured decision-making is deﬁned as the
‘‘collaborative and facilitated application of multiple objective
decision making and group deliberation methods to environmental
management and public policy problems’’ (Gregory et al., 2012).Fig. 1. Decision tree for the identiﬁcationStructured decision-making provides sequential core steps to
guide thinking about complex choices (Gregory et al., 2012;
Guisan et al., 2013) delivering rigor and transparency to the pro-
cess of making decisions.
Previous ecosystem service reviews have focused on particular
topics, including the extent of trade-offs between services (Howe
et al., 2014), how priorities for ecosystem services have been
mapped (Luck et al., 2012), and valuation of ecosystem services
(Laurans et al., 2013). While these are important and topical issues,
how the information gathered in ecosystem service assessments
could be used to inform decisions that will impact ecosystem
services has not been evaluated. We present a quantitative review
of a sample of peer-reviewed publications in the context of ﬁve
core steps for making management decisions for ecosystem ser-
vices that are inspired by structured decision-making. We high-
light current areas of strength in the ecosystem services
literature and identify areas that would beneﬁt frommore concert-
ed attention.
2. Methods
We used the Thomson Reuters Web of Science database, and
applied ﬁve search ﬁlters. Our ﬁrst ﬁlter identiﬁed the ecosystem
services literature; our second ﬁlter captured those studies focused
on planning, deciding upon management, inﬂuencing policy or
investing in management of ecosystem services; our third ﬁlter
identiﬁed studies about decisions (a decision itself or the prioriti-
zation of actions); our fourth and ﬁfth ﬁlters excluded review arti-
cles, conceptual papers and also articles that did not explicitly
address ecosystem services (Fig. 1). From the ﬁnal ﬁlter, we ran-
domly selected 60% of the papers for full review according to ourof peer-reviewed studies for review.
Fig. 2. Core steps in a decision making process for ecosystem services. The connection between the consequences of alternatives with the objectives represents the evaluation
of the outcomes of the alternatives against the objectives with the possibility to update the objectives. The connection between the implementation of actions with the
identiﬁcation of the problem represents the monitoring and adaptive management loop.
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peer-reviewed papers published between 2003 and 2013. We
chose 2003 as the start date for the literature search as it coincides
with the publication of the MEA conceptual framework (MEA,
2003) and the proliferation of publications on the topic of ecosys-
tem services. Because most studies assessed multiple ecosystem
services, we considered each individual ecosystem service in a
paper as a separate entry, creating 427 entries for review.
We synthesize the degree to which ecosystem service assess-
ments include each of the core steps of the decision framework
(adapted from Gregory et al., 2012): (i) identiﬁcation of the prob-
lem and its social–ecological context; (ii) speciﬁcation of objectives
and associated performance measures; (iii) deﬁning alternative
management actions and evaluating the consequences of these
actions; (iv) assessment of trade-offs and prioritization of alterna-
tive actions; and (v) making management decisions (Fig. 2). To
assign the papers to the different steps of the conceptual frame-
work we deﬁned a set of criteria and categories for each step
(Table 1). To perform the review, each paper was evaluated by
one of seven reviewers who jointly reviewed an initial sample of
papers to clarify the review criteria.
In the following sections we describe each step and synthesize
the results of the review, appraising the extent to which they have
been addressed in the peer-reviewed literature.
3. Results and discussion
3.1. Identiﬁcation of the problem and its social–ecological context
3.1.1. Problem identiﬁcation
The need to make decisions for ecosystem services arises from
the identiﬁcation of a conservation or management problem
(Guisan et al., 2013). We ﬁnd that ecosystem service assessments
have predominately been focused on the quantiﬁcation and
mapping of ecosystem services (Fig. 3). Such studies can play animportant role in the identiﬁcation of the conservation or manage-
ment problem by highlighting important areas for the supply and
delivery of ecosystem services (Willemen et al., 2008; Polasky
et al., 2011). Nevertheless, ecosystem services research needs to
also provide information more closely linked to management deci-
sions and provide insights for decision makers on alternative man-
agement actions. This could be achieved through more concerted
attention to evaluating trade-offs between ecosystem services
(Chhatre and Agrawal, 2009), planning for the management of
ecosystem services (Chan et al., 2006; Reyers et al., 2012), allocat-
ing investments in ecosystem services management (Venter et al.,
2013), and evaluating alternative policy options (Bryan and
Kandulu, 2011) (Fig. 3).3.1.2. Social–ecological context
Fundamental to ecosystem service assessments is an under-
standing of both the social and ecological context (Johnson et al.,
2013; Reyers et al., 2013). According to the literature reviewed,
ecosystem services research has incorporated a variety of eco-
logical, social, abiotic, land use, and economic data (Fig. 4a),
although it is unclear whether this reﬂects a desire to better under-
stand the social–ecological context speciﬁcally. We observe prefer-
ences toward particular types of data for estimating different
ecosystem service categories. Economic data have been mainly
used for provisioning services; ecological data for regulating and
habitat related services; abiotic data for regulating services; social
data for cultural services; and land use and land cover data have
been frequently used for both provisioning and regulating services
(Fig. 4a). Overall, we observe a strong preference toward incorpo-
ration of land use and land cover data in ecosystem service assess-
ments (Reyers et al., 2013).
The majority of these studies that have included land use and
land cover data have assumed that the provision of ecosystem ser-
vices changes linearly with changes in land use and land cover (e.g.
Chan et al., 2006; Egoh et al., 2009; Koschke et al., 2012), thereby
Table 1
Criteria and categories deﬁned to perform the review and analyze the core steps of a decision framework for ecosystem services (ES).
Core step Criteria and rationale Categories considered
Problem identiﬁcation (Fig. 2a) Types of problems and issues addressed in the
sample of studies reviewed
Planning for the management of ES
Policy design/evaluating policies for ES management
Allocation of investments for ES management
Trade-offs between ES
Assessment of threats to ES
Quantiﬁcation and mapping of ES
Social–ecological context (Fig. 2b) Spatial scale Patch (10–100 km2), Local (100–1000 km2), Regional (1000–100,000 km2),
National (100,000–1,000,000 km2), Global (>1,000,000)
Type of ecosystem Terrestrial, freshwater, marine
Type of country by income Low-income economies, lower-middle-income economies, upper-middle-
income economies, high-income economies (http://data.worldbank.
org/country)
Consideration of social–ecological context Land cover/land use, social (e.g. people’s opinions or attitudes through
interviews), abiotic (topography, soil, hydrological), ecological (ecosystem
attributes, species, vegetation), economic
Speciﬁcation of objectives (Fig. 2c)
and associated performance
measures (Fig. 2d)
Types of objectives considered Fundamental objectives: describe the outcomes that are sought and the
concerns that are being addressed. Means objectives: detail how a
fundamental objective will be achieved
Are the objectives set through stakeholder
consultation?
Yes or no
Are the studies deﬁning performance measures
for the objectives or state indicators of
ecosystem services?
Performance measures: thresholds for use or ratio of consumption/supply.
State indicators: how much of the ES is being supplied and/or delivered
How ES have been deﬁned and measured? ES deﬁned and measured as the biophysical supply or the amount of services
delivered to society (Tallis et al., 2012)
Deﬁning alternative management
actions (Fig. 2e) and their
consequences (Fig. 2f)
Does the study deﬁne alternative management
actions?
Yes or no
Does the study evaluate the consequences of
alternative management actions?
Yes or no
Tools used to frame the evaluation of
consequences
Scenario analysis, conservation planning scenarios, simulation analysis,
multi-criteria analysis
Were the alternatives deﬁned with stakeholder
participation?
Yes or no
Assessment of trade-offs (Fig. 2g) Assessment of trade-offs Yes or no
Method to asses trade-offs Correlations between ES, Beneﬁts and costs between alternatives,
production possibility frontier analysis
Prioritization of alternative
management actions (Fig. 2h)
The study prioritises actions Yes or no
Type of method that has been used to prioritise
actions
Conservation planning, multiple objective optimization, multi-criteria
analysis, cost-beneﬁt analysis
Making management decisions
(Fig. 2i)
The study considers the implementation of a
decision
Yes or no
Type of decision Financial incentives (e.g., payments for ES), governance-based instruments
(e.g., enforcement of existing legislation, capacity-building), allocation of
funding, and land acquisition
Fig. 3. Types of problems addressed in the literature review.
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Fig. 4. Socio-ecological context of the studies reviewed. (a) The socio-ecological variables employed; (b) the scale of the application of the studies: patch (10–100 km2); local
(100–1000 km2); regional (1000–100,000 km2); national (100,000–1,000,000 km2); global (>1,000,000 km2); (c) type of system where the studies have been applied; (d) type
of economy of the country where the studies have been applied.
Fig. 5. Proportion of studies reviewed that address core steps of the conceptual framework (n: 144 studies).
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social processes that occurs in conjunction with changes in land
use (Anderson et al., 2009; Grêt-Regamey et al., 2014). A more
comprehensive evaluation of the social–ecological context would
involve the identiﬁcation of stakeholder preferences for differentservices and the potential beneﬁciaries; evaluating access to capi-
tal, technology, and labour (but see Priess et al., 2007; Birch et al.,
2010; Lavorel et al., 2011), and appraising the broader institutional,
political, governance, and legal regimes. These aspects ultimately
determine the provision or perceived value of many services (but
Table 2
Examples of studies addressing the decision-making framework by type of problem addressed (ES: ecosystem services).
Problem identiﬁcation Fundamental
objective
Means objective Performance
measures or state
indicators
Alternative
management actions
Assessment of
trade-offs
Management
decision
Source
Planning for the
management of ES
Maximize the net
increase in
beneﬁts of a suite
of ES through
restoration
Target sites for
restoration
through cost-
effectiveness
analysis
State indicators
(expert knowledge
of expected
changes in ES
beneﬁts with
increasing coverage
of invasive species)
Alternative
management actions
to control invasive
species
Trade-offs
between
restoration sites
subject to budget
constraints
through multiple
objectives
optimization
No decision
implemented,
but ﬁnancial
incentives for
restoration was
recommended
Wainger
et al.
(2010)
Policy design for ES/
Application of
policies
Conservation of
areas for
biodiversity under
a payment for ES
scheme (e.g.
REDD+)
Assessment of
biodiversity
outcomes under
policy scenarios
payment
schemes for
ecosystem
services
Performance
measures (securing
10% and 50% of
biodiversity and
reduction of carbon
emissions)
Conservation
planning scenarios
(testing the
achievement of
targets for
biodiversity under
carbon emission
reduction scenarios)
Trade-offs
between
conservation and
development
objectives
focusing on
relative beneﬁts
and opportunity
costs
No decision, but
the potential
impact of
ﬁnancial
incentives
already
implemented in
the area was
tested
Venter
et al.
(2013)
Allocation of
investments for ES
Enhance the
provision of
multiple
ecosystem services
Identify the suite
of investments
that most cost-
effectively
enhance the
provision of
ecosystem
services
State indicators
(expert preferences
for multiple
ecosystem
services)
Evaluating
investment
alternatives
Multi-criteria
analysis and cost-
beneﬁt analysis
for prioritizing
investment
decisions
Yes, allocation of
regional
incentives for
the management
of ecosystem
services
Bryan
(2010)
Trade-offs between ES Minimize conﬂicts
between multiple
uses and
ecosystem service
values
Undertake a
trade-off analysis
to
simultaneously
assess multiple
ecosystem
services
State indicators
(habitat for ﬁshery
species and areas
suitable for wind
projects)
Simulation analysis
between different
alternatives for
ecosystem services
and marine uses (e.g.
development levels
for wind farm)
Possibility frontier
analysis of the
beneﬁts and costs
between different
development
levels for
ecosystem
services
No decision White
et al.
(2012)
Assessment of threats
to ES
Increase the
capacity of
communities to
cope with climate
change.
Analysis of the
contribution of
Non Timber
Forest Products
to identify
adaptation
options to
climate change
State indicators
(nutritional intake
of Non Timber
Forest Products in
the diet of local
communities)
Participatory
scenario analysis to
identify resilient
management
alternatives to
climate change
No analysis of
trade-offs
No decision Woittiez
et al.
(2013)
Quantiﬁcation and
mapping of ES
Balance economic,
environmental,
educational,
cultural and
community
returns, rather
than economic
returns alone
Evaluate the
environmental
and ﬁnancial
implications of
contrasting land-
use combinations
State indicators
(e.g. carbon
fraction
aboveground and
belowground,
export of total
dissolved nitrogen
for water quality)
Land use scenarios
(e.g. No
improvements in the
irrigation system,
Improvements in the
irrigation system,
sell land.)
No analysis of
trade-offs
Governance
based incentive
(e.g. plan to
support
diversiﬁed
agriculture and
forestry)
Goldstein
et al.
(2012)
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vide a more explicit and thorough appraisal of the socio-ecological
context.
The speciﬁc social–ecological context is determined by the scale
of analysis, type of ecosystem, and location of the assessment.
Most of the studies we reviewed were applied at regional, local,
and national scales, with few undertaken at global scales, and even
fewer at multiple spatial scales (Fig. 4b). Many environmental
problems do not ﬁt into the context of a single spatial scale and this
simpliﬁcation ignores the ecological and social processes that
operate across scales of management (Anderson et al., 2009;
Johnson et al., 2013). For example, when managing ecosystem ser-
vices, it is relevant to address both the spatial scale of the bio-
physical processes underpinning the provision of ecosystem
services and the spatial scale at which management decisions are
made (Kremen and Ostfeld, 2005; Hein et al., 2006). The ecosystem
services literature exhibits similar biases to the ﬁeld of conserva-
tion science (Lawler et al., 2006) with only 14% and 20% of the
studies reviewed applied in marine and freshwater systemsrespectively and only 11% applied in low-income economies
(Fig. 4c and d respectively). A concerted effort to undertake ecosys-
tem service assessments in diverse environmental and develop-
ment contexts is needed and recent ecosystem service
assessments in data poor regions provide useful examples (Law
et al., 2015).
3.2. Objectives and performance measures
3.2.1. Speciﬁcation of objectives
Objectives describe the outcomes that are sought and the con-
cerns that are being addressed (also known as fundamental objec-
tives; Marcot et al., 2012). The choice of objectives inﬂuences all
aspects of the decision-making process (Johnson et al., 2013) and
it is essential that the outcomes of alternative actions be evaluated
against the objectives. However, only 10% of the studies reviewed
stated fundamental objectives, with the majority referring to speci-
ﬁc methods to achieve an unstated fundamental objective (also
known asmeans objectives; Marcot et al., 2012) (Fig. 5 and Table 2).
Fig. 6. The types of ecosystem services addressed in the literature review (because most of the studies consider several ecosystem services, the sum of entries in this ﬁgure
exceeds the total number of studies reviewed). The category multiple ecosystem services (M) refer to those papers addressing lists of ecosystem services, treating them in the
same manner for methodological aspects (this category is not accounted in the ﬁnal number of 20 ecosystem services).
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sent their concerns and aspirations in the decision-making process
(Runge et al., 2011; Gregory et al., 2012). Of the papers reviewed
only a small number of studies set objectives through stakeholder
consultation (8% of the studies, Fig. 5).
3.2.2. Performance measures
Performance measures are quantitative expressions of the
objectives that are used to evaluate the performance of alternative
management actions with respect to the objectives (Marcot et al.,
2012). Ideally performance measures would describe how much
of a service can be sustainably consumed in relation to the supply,
or thresholds for use (De Groot et al., 2010). In the literature we
reviewed only 8% of the studies applied performance measures
and this includes targets for the supply of ecosystem services
(Fig. 5) (Moilanen et al., 2011; Thomas et al., 2013; Venter et al.,
2013).
The majority of studies have quantiﬁed ecosystem services as
state indicators measured as the biophysical potential of ecosys-
tems to supply services, irrespective of its use (Beier et al., 2008).
Less commonly has the amount of services actually delivered and
used by society been assessed, and this has predominately been
for recreation and food provision (Fig. 6). By deﬁnition ecosystem
services provide beneﬁts to people and therefore measuring only
the potential supply of ecosystem services will deliver only partial
information (Tallis et al., 2012). Quantiﬁcation of the ﬁnal services
delivered to and consumed by society will provide more realistic
estimates of the value of ecosystem services (Fisher et al., 2009;
De Groot et al., 2010).3.3. Deﬁning alternative management actions and their consequences
We found that 45% of the papers reviewed have deﬁned and
evaluated the consequences of alternative management actions,
and only 13% of the studies reviewed selected the actions to be
evaluated through consultation with decision-makers and other
stakeholders (Fig. 5) (Bohensky et al., 2006; Grêt-Regamey et al.,
2008; Bryan, 2010). A consultative process of selecting and deliber-
ating alternative actions would strengthen the dialogue with
stakeholders, align the actions selected with the objective(s), and
support an adaptive decision-making process (Bohensky et al.,
2006; Carpenter et al., 2009). We found no examples where objec-
tives were tested and updated after alternative management
actions had been evaluated.
3.4. Assessment of trade-offs and prioritization of actions
3.4.1. Trade-offs
Managing for the sustainable and efﬁcient provision of multiple
interacting ecosystem services is challenging as alternatives
undertaken to deliver one service may divert resources from alter-
native actions that could deliver other services (Lester et al., 2013).
Management decisions often involve a range of possible actions
and multiple stakeholder perspectives that will result in either
trade-offs between outcomes, the delivery of co-beneﬁts, or per-
verse or negative impacts (Lindenmayer et al., 2012; Johnson
et al., 2013).
We identiﬁed that 38% of the studies reviewed attempted to
investigate synergies and trade-offs associated with ecosystem
236 M.J. Martinez-Harms et al. / Biological Conservation 184 (2015) 229–238services (Fig. 5). The number of papers identiﬁed is consistent with
results reported in a comprehensive review speciﬁcally focused on
trade-offs (Howe et al., 2014). However, most of these studies
reviewed focused on evaluating the correlation and overlap
between ecosystem services (Chan et al., 2006; Anderson et al.,
2009; Lavorel et al., 2011). Such assessments can be extended to
provide information about the trade-offs that may arise as a conse-
quence of implementing alternative management actions (e.g.
changing land use scenarios). A limited number of studies have
addressed trade-offs through analyzing the production possibility
frontier, which identiﬁes the sets of management alternatives that
would maximize delivery of services across a range of preferences
(and need not be couched in pure economic terms; examples of the
evaluation of trade-offs between alternative management actions
for ecosystem services can be found in: Nelson et al., 2008;
Wainger et al., 2010; White et al., 2012). Ideally trade-off analyses
should consider not just the dimensions of contemporary trade-
offs, but also how decisions made will affect future outcomes
and opportunities. Further, while trade off analyses such as pro-
duction possibility frontiers outline possibilities, decision-making
needs to consider these in association with social preferences
and welfare (including sustainability, or intergenerational
welfare).
3.4.2. Prioritization of management actions
The prioritization phase provides information on the optimal or
near-optimal spatial location and temporal timing of implement-
ing alternative management actions given available resources
(Ferrier andWintle, 2009). In the ecosystem services literature, pri-
ority areas have been identiﬁed where investment will yield great-
est return (Luck et al., 2012), but only 19% of studies have
systematically assessed how resources should be allocated to alter-
native actions (Fig. 5). A variety of decision support tools have been
used to identify actions for managing ecosystem services including
conservation planning techniques (Chan et al., 2006; Egoh et al.,
2010), multiple-objective optimization algorithms (Nelson et al.,
2008; Wainger et al., 2010; Thomas et al., 2013), multi-criteria
analysis (Bryan et al., 2011; Larsen et al., 2011) and cost-beneﬁt
analysis (Birch et al., 2010). The selection of a decision support tool
will depend on the context of the problem and the objectives of the
analysis. For example, conservation planning software has general-
ly been applied to the spatial allocation of alternatives across broad
extents either focused on protected areas (Chan et al., 2006) or a
diverse suite of land uses in multifunctional landscapes (Reyers
et al., 2012; Venter et al., 2013). Tools such as multi-criteria analy-
sis and cost-beneﬁt analysis are commonly used to rank projects to
compare the cost and beneﬁts (and other criteria) of alternative
actions.
3.5. Making management decisions
A decision occurs when an alternative action is selected and
implemented through its internalization in policy, plans or an
institutional arrangement, and typically operationalized as some
form of regulation or incentive. In this literature review a diversity
of potential decisions have been identiﬁed, including the use of
ﬁnancial incentives such as payments for ecosystem services
(Chen et al., 2009; Reyers et al., 2012; Venter et al., 2013), gover-
nance-based instruments (Naidoo et al., 2008; Goldstein et al.,
2012), and the application of conservation strategies such as land
acquisition (Kovacs et al., 2013). However, only 3% of our peer-re-
viewed sample reported the on-ground implementation of an
action (Nelson et al., 2008; Naidoo et al., 2009; Bryan, 2010 and
Goldstein et al., 2012). Some examples include the allocation of
regional funds for ecosystem services management (Bryan, 2010),
a plan to support diversiﬁed agriculture and forestry to improvethe provision of ecosystem services (Goldstein et al., 2012), and
the provision of conservation payments (Nelson et al., 2008).
4. Conclusion
Governments and international policymakers are embracing
the concept of ecosystem services to provide new opportunities
for local economies and to safeguard natural capital for future
generations. Our review provides evidence that ecosystem service
assessments do not capture the core steps of the decision making
process and much of the literature has been focused on quantify-
ing and mapping the supply of ecosystem services. We identify
important priorities for future research and practice, including
the articulation of objectives, the identiﬁcation of performance
measures, and the deliberation of alternative actions. Manage-
ment decisions for ecosystem services should be underpinned
by the best available science by integrating primary research
and systematic reviews (Dicks et al., 2014). Management deci-
sions should also account for the values and preferences of stake-
holders. Deliberative and participatory methods could facilitate
this and enable the opportunities and constraints for effective
management to be identiﬁed. We see these as key ingredients
for the ecosystem services paradigm to gain traction in science
and policy arenas.
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